ABSTRACT: During estuarine mixing, dissolved metals come into the particulate phase due to the flocculation processes. Such processes are biologically vital. In the present study, controlling mechanisms of elemental flocculation during estuarine mixing in northern and southern estuaries of Iran in relation to the various physical and chemical parameters of waters have been compared. Except for zinc and lead, for other studied elements in Minab River, water flocculate at higher rates in comparison with the rivers flowing into the Caspian Sea. Redox potential might have negative effect on flocculation process in Minab Estuary. Contrary to rivers flowing into the Caspian Sea, in Minab River elemental flocculation is governed by dissolved organic carbon and it shows a non-liner and conservative behavior during estuarine mixing which implies that dissolved organic carbon originates from terrigenous source. The results also shows that maximum removal of elements occurs in lower salinities (1.5 to 5.8 ‰) for the rivers in North of Iran and 3.3 to 11.4 ‰ for Minab River in South of Iran. Flocculation of studied metal in different rivers results in reduction of overall metal pollution load by various percentages. The initial metal contents on river water and mean discharge of river might lead to higher flocculation rates.
INTRODUCTION
An estuary is a semi-enclosed coastal body of water which has a free connection with the open sea and within which sea water is measurably diluted with fresh water derived from land drainage (Pritchard, 1967) . It is a very productive biome and supports biogeochemical cycling, maintenance of biological production, movement of nutrients and etc. (Meire, 2005; Samarghandi et al., 2007; Hassani et al., 2008) . Information on the variability of the existence forms of microelements in estuarine waters is necessary in order to understand their behavior in passing through the geochemical barrier and their effect on estuarine ecology (Anikiev and Goryachev, 1991; Achterberg et al., 2003; Savchenko, 2009) . Flocculation of dissolved metals can significantly affect the chemical mass balance between rivers and seas or lakes. During estuarine mixing, dissolved metals come into the particulate phase due to the flocculation process. Salinity may inhibit the vertical turbulent eddies due to a vertical density gradient and can influence sediment transport through increased flocculation (Eckert and Sholkovitz, 1976; Boyle et al., 1977; Sholkovitz et al., 1977) . Some researchers have mainly focused on salinity, pH, colloidal stability, surface properties, humic acids, turbulence and concentration of suspended matters, ionic strength and algal concentration as the main governing factors or flocculation of trace metals during estuarine mixing. (Hunter, 1983; Zhiqing et al., 1987; Shankar and Karbassi 1992; Featherstone and O'Grady, 1997; Matagi et al., 1998) . Due to growing concern over the divers effects of heavy metals and their compounds on aquatic ecosystems, many investigations have been carried out on dissolved elemental concentrations and then controlling mechanisms in some rivers flowing in to the Caspian Sea in North of Iran and the Persian Gulf in the South of Iran (Karbassi and Nadjafpour, 1996; Saeedi et al., 2003; Karbassi et al., 2007 , Karbassi et al., 2008 Biati et al., 2010 b) . In the present study, controlling mechanisms of elemental flocculation during estuarine mixing in northern and southern estuaries of Iran in relation to the various physical-chemical parameters of water are compared. 
MATERIALS AND METHODS
Minab River has a length of 200 Km and its average annual discharge is 10.99 m 3 /s. Minab River is formed by two main branches named Rudan in western part and Jaghin in eastern part. It lies between longitude of 57º 07´ and Latitude of 27 º 09´. Annual average of sediment load weights of River in Berentin Station has been estimated at 5920 ton/km 3 /y. Various municipal and industrial wastewater containing heavy metals and organics along with agricultural fertilizers, pesticides and herbicides enter into the Minab River. Freshwater samples were collected from the Minab River (ca. 16 Km upstream) in a 25 L clean polyethylene bucket from the surface. On the same day, it was filtered through 0.45 μm Millipore AP and HA filters (Biati et al., 2010b) . About one liter of filtered water was acidified with concentrated HNO 3 to a pH of approximately 1.8 and stored in polyethylene bottles in a refrigerator prior to the analysis of dissolved metals. The rest of filtered waters were also kept in refrigerator. On the same day, Persian Gulf water was collected approximately 20 Km away from the coast to ensure that the sample was not diluted by river water. In order to prevent the contamination of samples, all equipment was acid washed with a mixture of HNO 3 and HCl. Rinsing was done with running Milli-Q water. Filtered river water and sea water were mixed together at room temperature in various proportions yielding 9 different proportions of salinity (3.3-29.9 ‰). They were kept for 24 h with occasional stirring. The resulting flocculants were collected on 2.5 Cm diameter Millipore membrane filters (type HA, Pore size: 0.45 μm). Millipore filters were digested by 5 mL concentrated HNO 3 overnight. The concentrations of Cu, Zn, Ni, Pb and Mn were determined by ICP (JOBINYVON model JY 138 ULTRACE). Procedural blanks and duplicates were run with the samples in a similar way. Calibration ICP was done by dilution of single concentrated standards purchased from SPEX CerPrep Company. The accuracy of the analysis was about ±5 % for all elements in the dissolved and flocculants phases. It should be noted that salinity of fresh water and seawater in sampling station was measured using portable apparatus. Of the existing clustering techniques (Lance and William, 1966; Anderson, 1971; Davis, 1973) the Weighted Pair Group (WPG) method (Davis, 1973) was used in this study.
RESULTS AND DISCUSSION
At laboratory scale fresh water with its initial trace metal contents is mixed up with saline water while in the nature fresh water does not mix up with saline water as same as laboratory scale. At very first stage of mixing of river water with saline water, some of dissolved metals ooze out of the fresh water in the form of flocculants. Thus, at the later stage of mixing (i.e. higher salinities) fresh water is impoverished in base metals and fewer flocculants form (Table 1) . About 117μg/L of total Zn contents flocculates during estuarine mixing (about 5%). The maximum flocculation of Zn occurs at salinities of 3.3 and 29.9 ‰, respectively (37 and 36 μg/L). In other Table 1 : Mean actual concentration of elements in flocculants along with salinity in Minab River (Biati et al., 2010) * The amounts in parentheses are indicated as percentage of removal
